Objective: To examine the associations of low-grade inflammation with objectively measured physical activity, cardiovascular fitness (CVF) and fatness in prepubertal children. Design: Cross-sectional study. Subjects: One hundred and forty-two children (74 boys and 68 girls) aged 9-10 years (pubertal stage I and II) from the Swedish part of the European Youth Heart Study. Measurements: Total physical activity and its intensity levels (moderate, vigorous, moderate þ vigorous) were measured by accelerometry. CVF was measured with a maximal ergometer bike test. Body fat was derived from the sum of five skinfold thicknesses. The measured low-grade inflammatory markers include C-reactive protein, fibrinogen, complement factors C3 and C4. Results: C-reactive protein and C3 were negatively associated with CVF (b ¼ À0.254 and À0.267, respectively, Po0.05) and positively associated with body fat (b ¼ 0.439 and 0.446, respectively, Po0.001), after controlling for sex, age and pubertal development. C-reactive protein and C3 were not significantly associated with CVF once body fat was in the model. Low-grade inflammation was not associated with physical activity, but physical activity was associated with CVF.
Introduction
Low-grade inflammation seems to play a role in the pathogenesis of atherosclerosis from early ages 1, 2 suggesting that preventive measures should start early in life. Observational studies have shown that a state of low-grade inflammation is associated with adiposity in children and adolescents, [3] [4] [5] [6] as it has been shown in adults. 7 Low-grade inflammation is associated with anthropometric measures such as body mass index (BMI) and waist circumference in adolescents, 3, 4 but data on children are sparse. Less is known about the association of low-grade inflammation with cardiovascular fitness (CVF) in prepubertal children. Because of the strong correlation seen between CVF and fatness in young people, [8] [9] [10] [11] it is possible that deleterious consequences ascribed to adiposity may be partially due to the influence of low CVF. If so, it would imply that interventions to prevent states of low-grade inflammation should focus not only in weight reduction, but also on enhancing CVF. Low-grade inflammation has been associated with both physical activity (self-reported) and CVF in young people, [12] [13] [14] [15] [16] and in adults. [17] [18] [19] [20] [21] However, it has been suggested that the beneficial effect of physical activity and CVF on low-grade inflammation might be mediated by body fat. [22] [23] [24] None of the above-mentioned studies have used objective measures of physical activity, such as accelerometry. Questionnairebased assessment of physical activity, which is the most common subjective method, is imprecise, especially in children. 25 Studies examining the interaction of low-grade inflammation, objectively measured physical activity, CVF and fatness in prepubertal children are lacking. For public health strategies and preventive purposes, it is of importance to understand the relative influence of modifiable factors on low-grade inflammation from an early age. The aim of the present study was to examine the associations of low-grade inflammatory markers (C-reactive protein, fibrinogen, C3 and C4) with physical activity, CVF and fatness in prepubertal children.
Materials and methods

Subjects
This is a school-based, cross-sectional study of children aged 9.570.4 years. The study involved 233 children from the Swedish part of the European Youth Heart Study (EYHS). Eight municipalities (Botkyrka, Haninge, Huddinge, Nynäshamn, Salem, Södertälje, Tyresö and Ö rebro) in central Sweden were chosen for data collection. A total of 144 (62%) children (75 boys and 69 girls) had complete data for physical activity and C-reactive protein measurements, and were then included in this study. The EYHS was designed to examine the interactions between personal, environmental and lifestyle influences on the risk factors for future cardiovascular diseases. 26 Study design, sampling procedure and participation rates have been reported elsewhere. 27 The children were apparently healthy, had no contraindications to any of the study procedures, including the maximal cycle-ergometer test and were not taking medications that might influence the results. The study was approved by the Research Ethics Committees of Ö rebro County Council and Huddinge University Hospital. One parent or legal guardian provided written informed consent, and all children gave the verbal consent.
Physical examination
Height and weight were measured by standardized procedures. BMI was calculated as weight/height squared (kg/m 2 ). The percentage of overweight and obese children was calculated following the International Obesity Task Force that proposed gender-and age-adjusted BMI cut-off points. 28 Skinfold thickness was measured with a Harpenden caliper (Baty International, Burgess, Hill, UK) at the biceps, triceps, subscapular, suprailiaca and triceps surae areas on the left side of the body according to the criteria described by Lohman et al. 29 All measurements were taken twice and in rotation, and the mean value was calculated. If the difference between the measurements was more than 2 mm, a third measurement was taken and the two closest measurements were averaged. The sum of the five skinfold thicknesses (hereafter referred to as 'skinfold thickness') was used as an indicator of body fat rather than BMI, because BMI has been suggested to be a less valid measurement of body fatness in children, 30 and because fatness rather than weight has been shown to be associated with poor health. 31 Waist circumference (in cm) was measured with a metal anthropometric tape midway between the lower rib margin and the iliac crest, at the end of gentle expiration. The hip circumference was measured midway between the symphysis level and the level of the spina iliaca anterior superior. Circumferences were measured in duplicate, and the mean of the two values was used for further calculations. Identification of pubertal development was recorded by a researcher of the same gender as the child, according to Tanner and Whitehouse. 32 Breast development in girls, as well as genital development in boys, was used for pubertal classification. All but two children fell into pubertal stages I and II.
Measurement of physical activity
Physical activity was measured during four consecutive days (including at least one weekend day) with an activity monitor (MTI model WAM 7164, Manufacturing Technology Inc., Shalimar, FL, USA, formerly known as Computer Science and Applications Inc.) worn at the lower back. At least 3 days of recording, with a minimum of 10 h registration per day, was set as an inclusion criterion. Total physical activity was expressed as total counts recorded, divided by total daily registered time (counts/min). Moderate physical activity (3-6 metabolic equivalents (METs)) and vigorous physical activity (46 METs) intensities were also calculated, and were based upon the cut-off limits published elsewhere. 33 The time engaged in moderate and vigorous physical activities was calculated and presented as the average time per day during the complete registration. The time spent in at least moderate intensity level (43 METs) was considered as the sum of time spent in moderate or vigorous physical activity. Each minute over the specific cut-off was summarized in the corresponding intensity level group. Validation studies examining the accelerometer used in this study and the construction of summary variables for intensity of movement suggest that it is a valid and reliable measure of children's and adolescents' physical activity.
34,35
About 4-5 days of activity monitoring have been proposed as a suitable duration for accurate and reliable estimates of usual physical activity behavior in children. 36 Data for 4 days were available from most of the participants in this study.
Measurement of CVF
CVF was determined by a maximum cycle-ergometer test, as described elsewhere. 37 Briefly, the workload was preprogramed on a computerized cycle ergometer (Monark 829E Ergomedic, Vansbro, Sweden) to increase every third minute until exhaustion. Heart rate was registered continuously by
Inflammation, fitness and fatness in children JR Ruiz et al telemetry (Polar Sport Tester, Kempele, Finland). The criteria for exhaustion were a heart rate X185 beats per minute, a failure to maintain a pedaling frequency of at least 30 revolutions per minute and a subjective judgment by the test leader that the child could no longer keep up, even after vocal encouragement. The power output was calculated as
, where W 1 is a work rate at fully completed stage, W 2 is the work rate increment at final incomplete stage and t is time in second at final incomplete stage. The 'Hansen formula' for calculated maximal oxygen consumption (VO 2max in ml/min) was 12 Â calculated power output þ 5 Â body weight (in kg). 37 CVF was expressed as VO 2max per kilogram of body mass (ml/kg/min) because of the homogeneity in stature, and obesity grade of the subjects, because it is well established, and for ease of comparison with the results of previous studies. The test used has been previously validated in children of the same age and is highly correlated in children with directly measured VO 2max (r ¼ 0.95 and 0.90 in girls and boys, respectively).
37
Blood analysis
With the subject in the supine position, blood samples were taken by venipuncture after an overnight fast, using vacuum tubes (Vacuette, Greiner Lab Technologies Inc, Kremsmünster, Austria). The fasting state was verbally confirmed by the subject before blood sampling. Plasma was separated and stored at À801C until analyzed. All laboratory measurements were analyzed in serum on a Hitachi 911 Analyzer (Roche Diagnostics, Indianapolis, IN, USA) and at the same time to minimize systematic variation. Highly sensitive C-reactive protein was measured with a kit from Roche Diagnostics and had detection limits of 0.1-20 mg/l and a coefficient of variation (CV) o1.34%. Fibrinogen, C3 and C4 were measured with kits from DakoCytomation (Glostrup, Denmark) and had sensitivities of 0.6-13.0, 0.3-6.5 and 0.06-1.30 g/l and CV of o4.8, o2.7 and o3.9 %, respectively.
Statistical analysis Sex differences were assessed by one-way analysis of variance (ANOVA), and adjusted for mass significance as described by Holm. 38 To stabilize variability and achieve normality in the residuals, skinfold thickness, C-reactive protein and C4 were transformed to the natural logarithm, and for the total physical activity and vigorous physical activity, the square root was calculated.
Following a bivariate correlation analysis, multiple regressions were used to study the association of low-grade inflammatory markers with physical activity, CVF and fatness. These relationships were analyzed in separate regression models that always retained sex, age and pubertal status as the base model (that is, confounders). Regression Model 1 examined the association of low-grade inflammatory markers with total physical activity. Model 2 examined the association of low-grade inflammatory markers with CVF. Model 3 examined the association of low-grade inflammatory markers with body fat (expressed as skinfold thickness). In Model 4, we included only significant variables from Models 1, 2 and 3 to evaluate the contributions of physical activity, CVF and fatness in explaining the variance in the risk factor.
The association of low-grade inflammatory markers with the interaction of CVF and body fat was analyzed by one-way analysis of covariance, after adjusting for sex, age and pubertal status. To examine the association of low-grade inflammatory markers with several anthropometric measurements, we used the same regression model described previously, now with BMI, waist circumference, waist-tohip ratio and waist-to-height ratio as a predictors variables, and sex, age and pubertal status as confounders. Semipartial correlation was used as the measure of the relationship between physical activity, CVF or fatness and the part of the outcome (low-grade inflammatory markers) that is not explained by the other predictors in the model (sex, age and pubertal status). In other words, it is a measure of the variance in the outcome that physical activity, CVF or fatness alone share. The analyses were performed using the Statistical Package for Social Sciences (SPSS, v. 14.0 for WINDOWS; SPSS Inc., Chicago, IL, USA) and the level of significance was set to 0.05.
Results
Data completeness and baseline characteristics
All subjects included in this study (n ¼ 144) had complete data for physical activity and C-reactive protein measurements, and 86% had valid fibrinogen, C3 and C4 data. Valid anthropometric and CVF data were obtained in 83% of the studied subjects, as determined by the criteria explained in Materials and methods. Pubertal development status was obtained in 89% of the subjects. As C-reactive protein concentrations 410 mg/l may reflect an acute-phase response to infectious disease or disorders characterized by acute inflammation, two subjects (one boy and one girl) were excluded from the study. None of the analyzed variables differed significantly between the included subjects and those who did not provide a full set of data.
The descriptive characteristics of the study sample are shown in Table 1 . The girls had significantly lower CVF than the boys. The levels of low-grade inflammatory markers did not differ between the boys and the girls.
Bivariate associations between physical activity, CVF and fatness All the physical activity variables were significantly associated with CVF, but not with fatness (Table 2) . CVF was significantly associated with skinfold thickness. Skinfold Inflammation, fitness and fatness in children JR Ruiz et al thickness was significantly associated with BMI, waist circumference and waist-to-height ratio.
Associations of low-grade inflammatory markers with physical activity, CVF and fatness after controlling for different confounding factors
The results of the regression models with C-reactive protein, fibrinogen, C3 and C4 as the outcome variables are shown in Table 3 . Low-grade inflammatory markers were not associated with total physical activity (Model 1). Further analysis examining the association of low-grade inflammatory markers with physical activity intensity levels (that is, moderate, vigorous and moderate -vigorous) did not change the results. C-reactive protein and C3 were significantly associated with both CVF (Model 2) and body fat (Model 3). Fibrinogen was significantly associated with body fat (Model 3). Model 4 was the same as Model 3, that is C-reactive protein and C3 were not significantly associated with CVF once body fat was in the model. The results did not change when Model 4 was repeated with BMI substituted for skinfold thickness, or when waist circumference, or waist-to-hip ratio, or waist-to-height ratio was entered in the model as a measure of body fat. Subsequent analysis examining the association of low-grade inflammatory markers with the CVF Â body fat interaction term to test whether such an interaction term could make a unique contribution in explaining variation in inflammatory markers did not show any significant association. Further analysis including all predictors in the model (total physical activity, CVF and fatness) did not affect the results. Analyses were performed on log-transformed data.*Po0.01; **Pp0.001.
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Associations of low-grade inflammatory markers with anthropometric measurements after controlling for different confounders C-reactive protein, fibrinogen and C3 were significantly associated with BMI, waist circumference and waist-toheight ratio. C-reactive protein and C3 were significantly associated with waist-to-hip ratio. Subsequent analysis revealed that low-grade inflammatory markers were not significantly associated with either waist circumference or waist-to-height ratio once BMI or skinfold thickness was included in the model.
Discussion
The results of the present study show that levels of low-grade inflammatory markers (C-reactive protein and C3) were negatively associated with CVF and positively associated with body fat in prepubertal children. For most of the variables, body fat was slightly more predictive than CVF; thus when both CVF and body fat were included in the regression model, only body fat and its interactions with demographic factors explained a significant proportion of the variance. It is important to note that the collinearity of CVF and body fat makes it difficult to disentangle their separate influences in an observational study. Therefore, we examined the influence of each variable and its interaction with sex, age and pubertal status before including both variables in the same model. This allowed us to see that each explained a significant proportion of the variance in most variables (C-reactive protein, fibrinogen and C3), but when entered together only body fat remained significant in the models. None of the low-grade inflammatory markers studied were significantly associated with physical activity. However, all the analyzed physical activity-related variables (total physical activity, moderate, vigorous and moderate -vigorous) were significantly correlated with CVF. It has been shown that variation in CVF was significantly explained by at least moderate -vigorous (3-6 METs) physical activity in children and adolescents. 10, 11 Moreover, improvements in CVF can be obtained through regular participation in moderate and vigorous levels of physical activity. 39, 40 Collectively, this may indicate that physical activity could have a positive impact on low-grade inflammation through the improvement of CVF. Physical activity as measured by accelerometry has been associated with clustered cardiovascular disease risk factors in children and adolescents from Denmark, Estonia and Portugal; however, no data on low-grade inflammation markers were analyzed in their study. 41 In fact, there are no studies examining the association of low-grade inflammation with objectively measured physical activity in prepubertal children. Platat et al. 15 showed that interleukin-6
(IL-6) and insulin resistance were negatively associated with organized leisure-time physical activity independent of adiposity and fat localization in children aged 12 years. Similarly, Cook et al. 12 found a borderline significant negative association of C-reactive protein levels with selfreported physical activity after adjusting for the ponderal index in children aged 10-11 years. In both studies, physical activity was assessed by means of a questionnaire, which may introduce inaccuracies and recall bias, especially in children. 25 Interventional studies have failed to show significant changes in low-grade inflammation (fibrinogen, plasminogen activator inhibitor 1 and C-reactive protein) in overweight-obese children after the completion of a physical training program. 42, 43 The finding that low-grade inflammation is negatively associated with CVF and positively associated with body fat is consistent with those of other studies of young people. [12] [13] [14] [15] [16] 20 Halle et al. 14 reported that IL-6 levels were as low for obese and fit as for lean and unfit children, while the highest serum IL-6 concentrations were found in the obese and unfit group. In youths, plasma lipid profile is negatively associated with CVF in both overweight and non-overweight adolescents, 44 as well as total body fat, 10 To our knowledge, there is no data examining the association of fibrinogen, C3 and C4 with CVF and fatness in prepubertal children. Studies in adults have reported a negative association of fibrinogen and C3 with CVF and fatness after adjustment for potential confounders. 16, 49, 50 Similarly, we also found a significant association of C3 with both CVF and fatness, and between fibrinogen and fatness, Analyses were performed on log-transformed data.
b Analyses were performed on squared root transformed data.
Inflammation, fitness and fatness in children JR Ruiz et al whereas C4 was not associated with CVF or body fat. Both C-reactive protein and fibrinogen have been recognized as cardiovascular risk factors, and nowadays there is an increasing evidence about the link between C3 and C4, and vascular disease. [51] [52] [53] A 4-year follow-up study in adults showed that C3 and C4 increased threefold the C-reactive protein-related incidence of atrial fibrillation. 53 Moreover, it was also reported that in the absence of elevated complement components, high C-reactive protein was not associated with atrial fibrillation. 53 The finding that low-grade inflammation was significantly associated with simple anthropometric measurements is in agreement with the results from a population sample of Spanish adolescents. 3, 4 However, it is noteworthy that inflammatory markers were not associated with the measures of central fatness (waist circumference, waist-to-hip ratio and waist-to-height ratio) once a measure of general fatness (BMI or skinfold thickness) was also entered in the model. Therefore, the detrimental effect of central obesity on lowgrade inflammation may be somehow mediated by general fatness in non-overweight children.
A limitation of this study is the cross-sectional design, which precludes firm conclusions about whether the variations in physical activity, CVF and fatness cause the variation in low-grade inflammation in prepubertal children. We used a single blood measurement to determine inflammatory status that may not accurately reflect chronic inflammation. Although no subject with previously diagnosed cardiovascular pathologies or a known underlying cause of infection was included, we cannot exclude that some elevated concentrations were not due to the onset of an infection. However, to reduce the risk that an ongoing infection might be present, children with C-reactive protein 410 mg/l were not included in the study. The association of low-grade inflammation with objectively measured physical activity, CVF and fatness should be studied prospectively.
In conclusion, the results showed that the levels of lowgrade inflammatory markers were negatively associated with CVF and positively associated with body fat in prepubertal children. For most of the variables, the influence of fatness was slightly higher than the influence of CVF. The findings suggest that the potential beneficial effects of physical activity on low-grade inflammation may be explained by its association with CVF. Understanding the interplay between physical activity, CVF and fatness in any comprehensive approach may be of importance to reducing cardiovascular disease risk in young people.
